Surface-active agents were added to the glycerolated portion of a semen diluent, to determine damage of cells after freezing and thawing. Tween 80 gave the most protection for the semen diluent stored at --79 ° C, The effect of surface-active agents on the retention of fertility is not known, Editor.
o.T. FOSGATE ET AL the most favorable results were: saponin, Triton WR-1339, Haleo 3, Tween 80, and Tween 21. A randomized incomplete block experiment was designed to test these five surface-active agents at concentrations of 1 : 4,000 v/v and 1 : 10,000 v/v, with the exception of saponin, which was used on a w/v basis. Semen used in the study was collected from the Holstein herd sires maintained at the Emmons Blaine, Jr. Experimental Farm at Lake Mills, Wisconsin. Second ejaculates were used for all freezing trials. Immediately after collection, the semen was diluted to one-half of its final volume at 38 ° C. with 24~ of egg yolk-citrate. It was then allowed to cool slowly over a three-or four-hour period to 5 ° C., before being extended to final volume with three equal portions of egg yolkcitrate containing 15% glycerol, at intervals of 15 minutes. Glycerol equilibration time was 14 hours. The surface-active agent was added entirely with the glycerolated portion. Preliminary freezing trials showed no difference, whether the surface-active agent was added entirely with the glycerolated portion, or one-half with the original exten:]er and one-half with the glyeerolated portion. The semen was frozen in a dry-ice alcohol bath at a rate of one degree for each one or two minutes, to "-20 ° C. Then it was cooled at a rate of approximately 4 ° C. per minute to --79 ° C. Duplicate ampules of frozen semen were thawed in a 5 or 6 ° C. water bath. A sample from each ampule was examined under the microscope and assessed for percentage of motile cells and for progressive motility. Percentage of motile cells was rated from zero to 100 and progressive motility from one to ten. Ampules were thawed at zero hour and after seveu days of storage at -79 ° C. in a mechanical chest.
Six bulls were randomized, so that each bull was used five times. There n;ere ten blocks of three bulls each. Each block tested two surface-active agents along with duplicate control samples. Each treatment was tested against every other treatment. The percentages of motile cells were changed to angles for the analyses. An angle is equal to the are sine N/'percentage. There were six separate analyses of variance computed. For zero hour of storage one analysis of variance ~:as computed for each level, and one was computed in which the data for both levels were pooled. The same analyses were computed for seven days of storage at -79 ° C.
Treatment means were adjusted for the effect of block and replication. The adjusted means were compared to the control means, using Duncan's New Multiple Range Test for ranked means (3) . The significant studentized ranges for a I% level test were taken from Duncan's Table and multiplied 
RESULTS AND DISCUSSION
Mean motility readings and loss of motility in storage are presented ( Table  1) o.T. FOSGATE ZT aL line are significantly different from those underscored; whereas, means underscored by the same line are not significantly different from each other. For example, at the 1 : 4,000 dilution the Tween 21 treatment was significantly higher than Triton WR-1339 and the control mean, but not significantly different from the saponin, tIaleo 3, and Tween 80. The Tween 80 treatment Mso was significantly higher than the Triton WR-1339 and the control mean, but not significantly different from saponin, Haleo 3, and Tween 21. Halco 3, saponin, and the control were significantly higher than Triton WR-1339, but not different from each other.
Analyses of variance for seven days of storage at -79 ° C. (Table 3) , indicated a significant interaction among levels and treatments (P < 0.05), and Any two means not underscored by the same line are signific~mtly different. Any two means underscored by the same line are not significantly different. a highly significant difference among treatments at both the high and low dilutions (P < 0.01). The differential response of Tween 21-treated semen samples probably accounted for part of the interaction among levels and treatment~ after seven days of storage at -79 ° C. At the high level. Tween 80-treated samples exhibited significantly higher survival values than any other treatment or control mean (P < 0.01) (Table 3) ; whereas, at the low level, Tween 80-treated samples were not significantly higher than the Haleo 3-treated samples.
The percentages of semen samples exhibiting 40 per cent motility or more. after subjection to freezing and thawing procedures, were 30, 54, 21, 42, 38, and 29 at zero-hour storage for: control, Tween 80, Tween 21, Halco 3, saponin. and WR-1339, respectively (low and high concentration values pooled). In the same order, after seven days of storage, the values were 27, 42, 13, 33, 25, and zero. The addition of Tween 80 and Halco 3 to semen at the time of glycerolation has a favorable effect ou survival of sperm following freezing and thawing procedures. Addition of a surface-active agent results in a greater decline in per cent motility as a result of storage, as compared to the egg yolk-citrate control samples.
SUIVIMARY AND CONCLUSIONS
Surface-active agents were added to the glycerolated portion of a semen diluent to ascertain the effect on survival of cells after freezing and thawing. Of the five surface-active agents tested, Tween 80 gave the greatest protection against danmge from freezing and thawing. After seven days of storage at --79 ° C., the samples containing Tween 80 exhibited significantly higher percentage of motile cells than did any other treatment. The loss in per cent of motile cells was greater for samples containing surface-active agents than for the controls.
This study on the storage of bovine semen at low temperature has concerned itself only with celt motility. The effect of surface-active agents upoll the retention of fertilizing capacity is not known. No recommendation for the routine addition of surface-active agents in bull semen diluents prior to freezing can be made until frozen semen containing surface-active agents has been tested in field trials.
